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(57) Abstract 



A combination, in an expansible chamber engine having at least one cam driven piston (174), of a piston drive cam (18) 
profile that alternately drives the piston to a higher or lower top dead center TDC position producing different expansion ratios, 
of a valve operating arrangement that shifts firing position between the two TDC positions selecting an expansion ratio, of a 
charge volume limiting system that limits the charge by controlling intake valve open duration and reduces throttling losses, and 
of a control system that limits the maximum charge volume or intake displacement in accordance with the firing TDC and the su- 
percharged pressure thereby avoiding pre-ignitton firing and allowing supercharger compression to replace cylinder compression 
instead of adding to it. 
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A DUAL MODE, PHASE SHIFTING, CAN ENGINE 

Background-Field of Invention 

This invention relate, to an expansible chamber engine with tea driven 
Pistons, that during operation cen change expansion ratios end also Intake 
displ.ce.ent. to li.it.th. fuel « ir charge. Specifically to an arrangeeent 
that shifts co.bu.tion peak, between, differing in height, top de.d center 
position, on a four stroke piston drive cae, by shifting valve and 
coebustion ti.ing and Halting the charge to prevent pre-ignition firing 
caused by the shift, by controlling open duration of the intake valve, 
«nd/or Uniting aaxi.ua charge volute so the eork used to supercharge 
replaces cylinder coapression. 

Background-Description of Prior Art 

Increasing fuel efficiency or decreasing specific fuel consu.ption, 
SFC, in coa.ercially acceptable engines has been restricted in .any Nay.. 

(a) U.iting is defined for this invention as the process of controlling 
the unthrottled fuel air charge into a cylinder by closing the intake valve 
early. In a li.ited engine a. in U.S. Pat. 4,288,431, the co.pr.s.ion ratio 

increased by shaving the heads. The cylinder intake volu.e N as reduced 
by li.iting. The resulting coapression ratio, herein called the Halted 
coepr.ssion ratio, is li.ited by pre-ignition firing to the sa.e ..xi.u.. 
But, the volu.etric efficiency is decreased requiring a larger engine for 
the sa.e power. 

<b> Decreasing SFC by increasing expansion ratio is restricted by 
current design, offering only fined and equal expansion and co.pr.s.ion 
ratio.. 
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(c) Recent cylinder cutout systeas are slow aulti-revolution devices, 
not capable of tingle revolution control. 

(d) Decreasing SFC by increasing the compression ratio, or aore 
relevantly the pre-ignition pressure to ataospheric pressure ratio, is 
restricted by the aaxiaua pre-ignition pressure and teaperature that 
avoids pre-ignition firing. 

(e) There have been recent atteapts to decrease SFC by reducing 
displaceaent during operation. Deactivating valves, snitching off 
cylinders, and unfortunately cooling cylinders. So far not coeaercially 
practical. 

(f) Autoaobilcs aostly operate at 10 to 28 percent of aaxiaua power 
output. Unfortunately efficiency deteriorates with reductions in load, 
thus engines operate in their worst SFC region. 

(g) Controlling engines by Halting produces a higher hydrocarbon 
content in the waste gas than does throttling. Specifically in the idle 
and lower partial load regions, as discussed in U.S. Pat. 4,765,286. 
Briefly, after valve cloture, the charge expands to fill the full cylinder 
and then it recoapretted. This expansion cools the charge aixture, albeit 
only aoaentarily, until the charge is recoapressed to the original volute 
that occured when the valve closed. The theory stated is that "the fuel 
cools relatively too auch, the fuel evaporates poorly and as a result poor 
aixture preparation takes place" causing the higher hydrocarbon level. 

(h) One aethod for controlling valve closure hydraulically is disclosed 
in U.S. Pat. 4,466,398. Valve operation occurs as a translating fluid 
plug, interposed between a caashaft and a valve, is collapsed and refilled. 
This requires a hydraulic systea with the capacity to rapidly refill the 
fluid plug, an electronic systea to sense, coapute, aaplify and send a 
signal to release the fluid each cycle, and a fluid releasing valve. A 
coaplex and costly systea. 

(i) Supercharging is used to produce aore power froa «n engine. Any 
lowering of SFC is due to increasing the aechanical efficiency, not to 
recovering additional work. Supercharger coapression adds to cylinder 
coapression. The total is Halted by pre-ignition firing. In the crossover 
speed ranges where the cylinder fills without supercharging and yet there 
is substantial supercharging, the cylinder coapression ratio is lowered to 
avoid pre-ignition firing. At lower speeds with little or no supercharging, 
the total coapression ratio is the lowered cylinder ratio, increasing the 
SFC. Cospensating for supercharger output by early intake valve closure was 
disclosed in Deutsche Patentschrif t DT-PS 188 1849. Adaptable to large 



WO 92/13178 



PCIYUS92/00308 



3 

steady state diesels tod gat engines, such as 2500 horsepower, it is too 
complex for automotive use. 

<j) In throttled engines the high vacuus that occurs during deceleration 
causes rapid evaporation of liquid fuel from the intake manifold nails, 
increasing exhaust eeissions of carbon monoxide CO and hydrocarbons HC. 

(k) the high teeperatures during the combustion process produces nitrous 
oxides NOx. Catlytic reactors must be used to reduce these eeissions. 

U) Maximum torque occurs when cylinders are fully charged or loaded at 
maximum coapression ratio. Supercharging increases the mechanical 
efficiency and relatively loners the expansion ratio, loitering efficiency. 
It, does not effectively increase the output per unit displacement, since 
the displacement is increased by adding the supercharger. 

Object* and Advantages 

Accordingly, several objects and advantages of the present invention 
follow in respective order and sore will be apparent in the following 
sectional 

<a> to operate an engine selectably at aaxieue volueetric efficiency, 
or shift, to a sore fuel efficient cycle. 

<b) To decrease SFC by utilising a greater expansion ratio cycle. 

<c) To enable orchestrating valve and cylinder operation for each 
revolution and thus enable the rolling deactivation of cylinders called 
-skipfire-, etc.. 

(d) To decrease SFC by increasing the pre-ignition pressure at part 
load. (e) To reduce engine displacement without shutting off cylinders. 

(f) To improve part load SFC over full load. 

(g) To improve the pre-ignition conditions when limiting to substantially 
reduce the higher hydrocarbon level. 

<h> To provide a practical hydro-mechanical valve with reduced hydraulic 
flow rate that needs only passive control for steady state operation. 

(i) To enable the feedback of supercharger compression work into the 
engine. 

(j) To reduce the CO and HC emissions from rich mixture produced by 
high manifold vacuum during deceleration and idle. 
<k) To reduce NOx emissions from the engine cylinder. 
(1) To increase the supercharged output per unit of true displacement. 

Drawing Figures 

Fig. 1 is a simplified sectional view of of a dual compression ratio 
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engine. 

Fig. 2 is a graph of strokes and piston travel vs. shaft angle. 

Fig. 3 is a graph ofi pre-ignition pressure, Ppi| teaperature, Tpii 
pressure ratio, Rpi| indicated theraal efficiency, ITE| all with respect 
to the percentage of aaxiaua indicated eean effective pressure , XIMEP. 

Fig. 4 is a frageentary cross-sectional view of a differential style 
phase shifting, and continousiy variable liaiting systee. 

Fig. 5 graphs caa follower excursion vs. aain shaft angle for Figs. 4 fc 

8. 

Fig. A is section of a phase shifting systee Hith a dual lobe valve 
caa. 

Fig. 7 graphs caa follower excursion vs. shaft angle, for Fig. 6. 
Fig. 8 is the saae as Fig. 4, except showing an increaentally variable 
liaiting and a trip type phase shifting systeas. 
Fig. 9 is a sectional view A-A f roa Fig. 8, showing the trip aechanisa. 
Fig. 18 is a scheaatic representation of a control systea for fig. 1 fc 

4. 

Description/ Operation, dual compression ratio, FiQ. 1 

Descriptioni A double sided piston drive caa 18 has a caa shape that 
undulates over the outer diaaeter of a druo shaped section of a aain drive 
shaft 54. Caa 18, the drua section and shaft 54 fora a rotor which is 
rotatably aounted in a cylinder block asseably 176. A nuaber of rbllerized 
double ended pistons 174 are spaced around the circuaf erence of the rotor 
and each piston end is slidably engaged within the respective cylinders. 
The rollers are rotatably aounted in piston 174 and rollably engaged with 
caa 18 such that the axial position of piston 174 is deterained by caa 18. 
Caa 18 has two aaxiaal positions in each axial direction that differ by a 
diaension D. 

Operationi Pistons 174 drive and are driven back and forth by rotating 
caa 18, in the aanner of IC caa engines. The difference being that the two 
aaxiaal positions, respective to each piston end on caa 18, produce two 
different piston up positions. An upper top dead center position called 
UTDC and a lower top dead center position called LTDC. The rotation of 
shaft 54 thereby produces a periodic succession of clearance voluaes for 
each piston end. The saeller clearance voluae 178 at UTDC produces a 
higher coapression ratio. The larger clearance voluae 172 at LTDC produces 
a lower coapression ratio. 

The periodic succession of aaxiaal and ainiaal chaaber voluaes can be 
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setn in Fig. 2, wherein the strokes of i four stroke engine, intake, 
compression, potter or expansion, end exhaust, are designated on the piston 
travel predetermined by cae 18. The strokes are divided into a power 
section where the engine operates sieilar to prior art fashion, an economy 
section where the engine operates core efficiently at the higher 
coepression ratio, and a shift section illustrating the two stroke or 180 
degree phase shift required to go froa one to the other, in a eanner to be 
explained later. 

Before the phase shift, power operationi Ignition occurs at LTDC, at 
the relatively lower coepression ratio and at the larger clearance voluee, 
the after-exhaust clearance voluee is then the sealler clearance voluee, 
yielding a sealler residual gas fraction. The coepression and expansion 
ratios are equal. Unlimited filling of the cylinder with fuel air charge 
it permitted. Under these conditions the engine can produce aaxieue power. 
They are also the conditions at which the maximum compression ratio 
appropriate to design considerations is set. 

During the phase shift! The relationship of piston travel to strokes is 
shifted two strokes. This corresponds to 180 degrees of main drive shaft 
rotation for a four stroke piston drive cam. The ignition or coebustion 
point is shifted from LTDC to UTDC, or the reverse when shifting the 
opposite direction. Valve operation may be deactivated during the phase 
shift, depending on considerations such as valve to piston interference, 
backfire, etc.. More sophisticated systems could close the valves in each 
cylinder late in the exhaust stroke and re-activate operation during the 
new exhaust stroke, for a seoother shift. 

After the phase shift, economy operationi Ignition occurs at UTDC, at a 
higher compression ratio and at the smaller clearance voluee. The after 
exhaust clearance volume is the larger clearance volume, yielding a larger 
residual gas fraction. But, the maximum compression ratio was set for 
conditions before the shift, with the cylinder operating in power eode. 
This requires that the maximum charge be limited, either by throttling to 
limit the charge density, or limiting to limit the charge volume by early 
or late intake valve closure, or both. By throttling or varying the charge 
density, wide open throttle position is throttled back, the throttle 
opening reduced, so as to eaintain a maximum intake manifold pressure. By 
limiting or varying the charge volume, the intake valve is closed either 
earlier or later to lieit back the maximum intake voluee. By both, each 
would be limited in accordance with the other and the total required. The 
net result of econoey eode is the expansion ratio is increased to the 
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total cylinder volute divided by the stiller clearance volute. And, the : 
intake displaceaent it reduced, reducing the charge and the output of 
power. Further, the litited coapression ratio is taintained at the reduced 
displaceeent. 

An advantage of taintaining the litited coapression ratio is that the 
SFC is decreased by increasing the pre-ignition pressure, or the • 
pre-itfnition pressure ratio with respect to attospheric pressure, for part 
load operation. The pre-ignition pressure, Ppi in psia, shown on the left 
ordinate in Fig. 3, is plotted with respect to output shown on the 
abscissa. The plot also reflects the pressure ratio of pre-ignition to 
attospheric pressure, Rpi, shown on the right ordinate. The output is 
expressed as the percentage of taxitut indicated tean effective pressure, X 
itep . It can be seen that the invention pressure ratio is considerably 
higher than either the throttled or the litited ratio. This contributes to 
the sitilarly higher plot of indicated thertal efficiency, ITE in X, shown 
for the sate conditions. The curves of Fig. 3 are plotted frot calculations 
of the thertodynatic conditions for various operating todes in spark 
ignition engines. They are based on a coapression ratio of 8.9 and an 
expansion ratio of IS. They are for idealized operation and have not been 
todlfied to include losses. As such, they are valid only for relative 
coaparison. 

A further advantage is apparent for part load operation when referring 
to Fig. 3. At 59 percent IHEP, this invention results in an increase in 
ITE of 21 percent. Frot 42 percent ITE, for an approxiaately equivalent 
IHEP under prior art or power operation, to SI percent ITE for tconoty 
operation. The ITE of 51 percent is not only itproved over the 42 percent 
at the equivalent output for power operation, it exceeds the ITE of 46 
percent at full load. In other words, this invention engine at part load 
is tore fuel efficient than at full load. The reverse of prior art. 

Description/Operation, Fig. 4 

Etboditent, variable lititingi A rollerized cat follower 24, including 
a roller 28 rotatabiy tounted on a roller shaft 22 fixedly attached to 
follower 24, constructed in the fort of a piston, slidable within release 
controller 36, is in rolling contact with valve cat 58 at intake cat face 
62. Valve cat 58 typically contains an exhaust cat face 74. Cat follower 
24 is hollow to accept a coapression spring 28 and a portion of a fluid 
plug 25 and slidably engage valve lifter 58. Further, at one axial location 
along cat follower 24 is a radial conduit and an annulus 26, connecting the 
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iniidt of cm follower 24 with the inside of release controlltr 36. 
Controller 36 in the fore of « hollow cylinder it slidably engaged with a, 
lieiter housing 52. Controller 36 hat a controller annulus 30 connected to 
a return conduit 35 through a drain conduit 60 and a drain chaaber 56. 
Controller 36 ii pivotally connected to a controller drive link 32 by a 
link pin 34. A valve lifter S0 in the fore of a stepped cylinder hollow at 
both ends has one end slidably engaged with both housing 52 and foil oner 
24. Lifter 50 is hollow towards the follower end to accept spring 28 and a 
portion of fluid plug 25. Fluid plug 25 is connected by a radial conduit 
with a supply annulus 43 on lifter 50 and a supply conduit 44. Supply 
conduit 44 is connected to supply 38 through check valve 42 and supply puap 
40. The hollow end of lifter 50, connected with an intake valve 48 through 
a spacer 46, is slidably engaged with housing 52. A valve spring 49 
eaintains closing force on valve 48. A step 51 between the outer disasters 
of lifter 50 abuts a step in lisitsr housing 52. A bypass conduit 41 
connects with supply conduit 44. Conduit 41 returns hydraulic fluid through 
cutoff valve 45 and pressure relief valve 47 to supply 38. A Halting 
actuator, schematically represented by encircled letters LA, is to eove 
link 32 and controlling the lieiting and hence the speed. In the sieplest 
case, it would represent a linkage systee connecting link 32 to the 
accelerator pedal. In core sophisticated systees, it could represent 
electro-pneueatic or electro-hydraulic pistons, operated by the central 
control systee described later. 

Eabodieent, differential shiftingi Valve caa 58 is rotatably engaged 
between a aain drive shaft 54 and a thruit bearing 64 and is in contact 
with a roller 20 at intake caa face 62. A bevel gear 68 aeshes with a gear 
on valve caa 58 and a caa drive gear 66 fixedly attached to shaft 54. 6ear 
68 is rotatably aounted in a gear ring 72 on a bevel gear shaft 76. Ring 
72 is rotatably aounted between drive gear 66 and bearing 64 and is 
pivotally pinned to a gear ring drive link 70. A shifting actuator is 
scheeatically represented by circled letters 8A, to eove link 70 and 
thereby shift between econoay and power aodes. Any nuaber of known 
apparatus can be used to accomplish this, hydraulic or pneueatic pistons, 
shift levers, etc.. 

Operation, variable lieitingi Pressurized hydraulic fluid is introduced 
through check valve 42 and conduit 44, coapletely filling the closed 
chaaber that fores fluid plug 25 and Interconnections thereto. Rotation of 
disk caa 58 drives cae follower 24, with periodic forces produced by the 
caa, through excursion path 78 of Fig. 5. hovesent of follower 24 will be 
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transmitted through the enclosed fluid to lifter 50, opening or doting 
valve 48. This aoveaent Mill bring follower annulus 26 to over Up, or 
partially align with, controller annulue 38, completing a flowpath froa 
plug 25 to return conduit 35. When this overlap occurs, the fluid in fluid 
plug 25 can escape and lifter 58 is free to drop. Once the overlap occurs 
it suit be Maintained until lifter 58 has returned to quiescent position. 
Spring 49 drives or biases valve 48 and lifter 58 to closed position. 
Follower 24 may still be soving towards the lifter but, will aeet little 
resistance since fluid plug 25 is released. 

Uncushioned descent of valve 48 would result in undesirable iepact with 
the valve seat upon closure. The chaeber foraed between step 51 and the 
corresponding step on housing 52 will fill with hydraulic fluid as lifter 
58 opens valve 48. As the valve closes, lifter 58 descends and fluid 
between the steps is forced through annulus 43 into fluid plug 25. When 
annulus 43 is closed off froa the step chaeber, a hydraulic cushion is 
foraed. The diameters between step 51 and annulus 43 can be modified or 
shaped, limiting leakage to control the resistance of the cushion. The 
valve clearance, with lifter 58 and intake valve 46 in the closed position, 
is set by varying thicknesses of spacer 46. 

Follower 24 reaches the extreae up position on curve 76 at about T3 in 
Fig. 5. Plug 25 is released and lifter 58 descends along curve 88. In 
prior art, curve 88 would also correspond to cas follower travel which is 
slaved to the caa drivetrain and would be built into the caa profile and, 
follower 24 would descend in the relatively short tiee period froe T3 to 
T4. Supply puep 48 would need to be of sufficient size to refill fluid 
plug 25 during the T3 to T4 tiae period. The fluid pressure on follower 24 
combined with the force froa spring 26 eust be sufficient to maintain 
follower 24 in contact with cae 58 during the descent. The pause in the 
extreme up position of follower 24, between T3 and T4 on curve 78 in Fig. 
5, allows lifter 58 to descend to closed position. In the closed position 
supply annulus 43 in lifter 58 overlaps supply conduit 44 and fluid plug 
25 can be refilled. If this were not the case, hydraulic fluid would flow 
continuously from the supply once the fluid had been released. 

It is one feature of this invention that the descent of follower 24 has 
a prolonged duration such that it takes place in an extended time period 
from T4 to T5. Slowing the descent to roughly one fourth of the rate froa 
T3 to T4. The extended descent of follower 24 requires that the descent of 
lifter 58 always occurs due to release of fluid plug 25 and not due to 
following the caa profile down, as in prior art. This means a smaller 
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piping and puap 48 capacity than required by the prior art to maintain 
contact of follower 24 with cat 58. 

The beginning of valve cloture is determined when follower annulut 26 
overlape controller annul ui 38. When annulut 38 it positioned the farthest 
froe annulut 26, when anulus 26 it at quiescent or down position, it takes 
longer for thee to eove to overlap. Thut, valve 48 it open the longett 
duration and cloture coaeencet at tiee T3 in Fig. 2. Conversely, the 
shortest open duration occurt when annulut 38 it potitioned closest to 
annulut 26 and cloture coaeencet at Ti. The open tiee it deterained by the 
relative quietcent positions of annulut 38 and annulut 26, which in turn it 
determined by the position of controller 36. Controller 36 can be 
potitioned by aoving drive link 32 with the Halting actuator LA. Valve 
cloture can be telectivcly started for any intereediate tiae T2, froa Tl to 
T3, producing lifter SB descent along curve 82 in Fig. 5. Thut, the fuel 
air charge to the cylinder can be continuously and variably Halted at it 
it by the throttle in a car. With a fuel saving difference! the throttling 
losses are eliainated. 

Intake valve 48 can be deactivated to reduce active ditplaceaent or, to 
clote the velvet during stroke thift. For active valve operation, cutoff 
valve 45 retains closed and operation proceeds at detcribed before. A 
tignal froa the engine control tyttea opens valve 45. The tlgnal could be 
an applied voltage if valve 45 it tolenoid operated. Fluid plug 25 can now 
escape out conduit 41 through valve 45 and pretture relief valve 47, 
provided that the fluid pressure exceeds the relief valve totting. This 
pressure setting would have a ainiaua level to prevent excettive flow froe 
supply puap 48 and a aaxiaue level below the pressure needed to overcoae 
valve spring 49 and open valve 48. Thus, when cutoff valve 45 is closed, 
the intake valve is active and when open the intake valve is deactivated. 

The above systee provides a reliable and relatively low cost 
hydro-aechanical Halting systea, either for early or late intake valve 
closure. It needs only passive control for steady state operation. No 
tiaed signal is required for each valve cycle. 

It is a further advantage of this invention, coabining Halting with 
increased pre-ignition pressure, to iaprove combustion and elieinate or 
substantially reduce the higher hydrocarbon level. Limiting alone in prior 
art engines produces relatively higher hydrocarbon levels in the idle and 
lower partial load regions. A review of pre-ignition teaperature Tpi and 
pressure Ppi profiles in Fig. 3 offers an alternative theory, to that 
expressed in the rBiTf6 U.S. Pat. 4,765,288. As the load is reduced in a 
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throttled engine the pre-ignition teeperature increasei, whereas in a 
lieited engine the teeperature decrease!. And, as the load is reduced, the 
pre-ignition pressure for both throttled and lieited operation goes down, 
with lieited going lower. At idle for lieited operation, approximately 20 
percent IHEP, where the aaxieue hydrocarbon production occurs, the absolute 
teeperature is lower by 17 percent and the absolute pressure is lower by 25 
percent. Either of these relative conditions can have a negative effect on 
the quality of coabustion and hence contribute to higher hydrocarbon 
production. 

In this invention, the pre-ignition pressure at idle and in the lower 
partial load regions is approxiaately twice that of either throttled or 
lieited engines. And, the pre-ignition teeperature at idle has been alaost 
fully restored to throttled levels. Both changes are towards decreased 
hydrocarbon production and coabined aay reduce it below throttled levels. 

A further advantage is to reduce and possibly eliminate the CO and HC 
emissions that coees froe the excessively rich aixture produced by high 
aanifold vacuus during deceleration and idle. This vacuus rapidly 
evaporates fuel condensed on the aanifold walls. In a lieited engine, there 
is no aanifold vacuus. The aanifold pressure is essentially constant at 
ataospheric pressure. No vacuus, no rich aixture. 

Another advantage is to reduce NOx eaissions by reducing their 
production during coabustioni The residual gas, left in the cylinder froe 
the previous cycle, acts as a diluent in the new unburned aixture. The 
absolute teeperature reached after coabustion varies inversely with the 
burnid gas aass fraction. It is known that increasing this burned gas 
fraction reduces NOx eaission levels substantially. In econoey aode, where 
aost engine operation will occur, and possibly all in an econoey aode only 
engine, the exhaust clearance voluae is larger than the coabustion 
clearance voluae. The larger voluee leaves aore unburned gas in the 
cylinder and would have the effect of decreasing the NO* eaissions. 

Operation, differential shiftingi To phase shift the two strokes, or 
the required 188 degrees, the relationship of disk caa 58 to eain drive 
shaft 54 aust shift 160 degrees on a four stroke caa. If desired, the 
valves are then deactivated as previously described. Prior to the phase 
shift, gear ring 72 is stationary. Drive gear 66 rotates with drive shaft 
54 and aeshes with the bevel gear 68. 6ear 68 aeshes with disk caa 58, 
driving it in the opposite direction. The pitch diaaeters of the gear on 
caa 58 and drive gear 66 are equal. Therefore, as shift actuator SA aoves 
link 70, driving gear ring 72 circuaf erentially through 90 degrees, the 
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relationship between disk caa 58 and drive shaft 54 it shifted the rtquirtd 
188 degrees. The valvei are reactivated and the phase shift is complete. 
The exhaust valves in prior art engines have their caa profiles on the saee 
disk caa but in a different location. This is the case here and as intake 
valve caa face 62 is shifted, exhaust valve caa face 74 is also shifted. 
The saee exhaust profile can be used since exhaust need not be Halted, 
although changable for tiaing variation. Another object can be achieved by 
aodulating the two quiescent positions of gear ring 72 with shift actuator 
SA. Specifically, the tiaing for both the intake and exhaust valves can be 
advanced or retarded the saae aaount together. 

Description/Operation, incremental embodiment, FiQ. 8 8c 9 
Eabodiaent, increeental liaitingi A rollerized caa follower 24A isi 
constructed in the fora of a piston on the end of a saalier shaft, slidable 
within a liaiter housing 52A. Follower 24A is aaintained in contact with a 
valve caa 58 A, by a coapression spring 28A and pressure froa hydraulic 
fluid in a chaaber 128. A release adjuster 118, constructed in the fora of 
a piston, is adjustably affixed to follower 24A. The other end of spring 
28A is in contact with housing 52A. A valve lifter 5BA isi constructed in 
the fora of a piston on the end of a saalier shaft, slidable within housing 
52A and a cushion adjuster 188, partially exposed to fluid in chaaber 128 
and, aaintained by fluid pressure in contact with valve 48. Valve 48 is 
springably loaded towards the closed position by valve spring 49. A cushion 
chaaber 181 is foraed between lifter 58A and adjuster 188. Hydraulic fluid 
is supplied as in Fig. 4, through supply conduit 44A. Cushion adjuster 188 
has an internal cushion annulus 186 connected through a conduit to chaaber 
128 and is adjustably affixed to housing 52A. Release adjuster 118 has a 
release face 188 on the chaaber 128 end. Liaiter housing 52A has two or 
aore annulii on the interface with release adjuster 118, a power annulus 
182 connected to a return conduit 35A and, an interaediate annulus 184 
connected through a release valve 122 to drain. The axis of lifter 58 in 
this eabodiaent is shown behind spring 28A and follower 24A and, all are 
exposed to the fluid in chaaber 128. 

Eabodiaent, trip shifting! Valve caa SBA is rotatably engaged between a 
aain drive shaft 54A and a bearing 64A and is contacted by rollerized caa 
follower 24A. A trip lever 112 is rotatably aounted on a shaft 116 which 
is fixedly attached to caa 58A and has two positions of engageaent, PI and 
P2, with a trip key 114, a stop ring 118 and a detent pin 124. Stop ring 
118 is an asseably of an inner ring and an outer ring fixedly attached 
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together through a shock absorbing material, luch ai aolded rubber. Trip 
key 114 has two positions of slidable engagement in a stationary housing, 
Kl and K2. Trip lever 112 has two positions determined by detent pin 124 
which is held into a detent in levtr 112 by the force of detent spring 
126. Trip lever 112 also has a tab 128 that projects into the position of 
trip key 114 during rotation if, trip key 114 is in poiition K2. Stop ring 
llfl is fixedly attached to shaft S4A and engages stop face 130 on lever 
112 so as to drive caa 58a. A shifting actuator is schematically 
represented by the encircled letters BA-A, to aove trip key 112 for 
shifting between econoey and power modms. A nuaber of known apparatus can 
perform this function, like the actuator in Fig. 4. Fig. 9 is a sectional 
view of the trip lever, clarifying the two positions. 

Operation, incremental Halting! Functional operation is the same as 
Fig. 4 except lifter 50A and follower 24A axes are not coincident and the 
Halting is not continously variable, occuring only at fixed positions. As 
follower 24A is driven through the excursion path in Fig. 2, fluid is 
displaced in closed chamber 120. The incompressible displaced fluid raises 
lifter S0A accordingly. Lifter 90A motion continues until release face 108 
exposes or overlaps the intermediate annulus 104 to chamber 120. If valve 
122 is open the fluid is released and lifter 50A is driven down by the 
force of valve spring 49, closing valve 48. If release valve 122 is closed, 
nothing changes and follower 24A continues until face 108 exposes or 
overlaps the power annulus 102. Annulus 102 is always connected to return 
conduit 35A, releasing the fluid to close valve 46, so that the protracted 
refill may be used. Depending on the distance required between annulus 102 
and annulus 104, opposing segments of annulii could be used to stagger thee 
closely. Release valve 122 is passive except when changing operating modes. 
Either open for economy or closed for power mode. A hydraulic cushion is 
formed in chamber 101 when the shaft of lifter S0A penetrates adjuster 100 
far enough to close off annulus 106. Variations in manufacturing tolerances 
or strength of cushion can be compensated for by moving adjuster 100 
relative to housing S2A. Release adjuster 118 can also be adjusted relative 
to follower 24A to compensate for manufacturing tolerances assuring valve 
48 closure at the proper time. 

The addition of another annulus and valve, similar to annulus 104 and 
valve 122, offers other levels of limiting. A similar annulus and valve, 
located overlapping the quiescent position of the large face on follower 
24A, could be used to retard the opening of a valve until the overlap is 
closed. And another annulus, connected to a return conduit, located to 
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just ovtrUp the aaxiaua dnired open position of the largo fact of lifttr 
5BA, could bo usod to liait tht aaxiaua optning of valvo 48. 

Since continously variable speed control is required, a throttling 
systea Mould be used as in the prior art. During power operation, the ITE 
Mould foil on the throttled profile in Fig. 3. During econoay operation, 
the ITE Mould peak at the saoe point as the invention profile but, throttle 
doNn froe there along the dashed line shoNn. 

Operation, trip shifting! Prior to the shift, stop ring lie is engaged 
with trip lever 112, shoMn in position PI, driving valve .caa 98A Mith eain 
drive shaft 94A. As lever 112 is eoved past the stationary trip key 114 in 
position Kl shown, no interaction occurs. Detent pin 124, forced into the 
detent in lever 112 by detent spring 126, holds lever 112 in position. 
Shifting 188 degrees, between econoay and power position, is accomplished 
by shift actuator SA-A aoving key 114 to position K2, shown in dashed 
lines. As lever 112 rotates past key 114, key 114 Mill now strike tab 128, 
rotating lever 112 on shaft 116 to the other detent position P2, shown in 
dashed lines in Fig. 9. This aoaentarily disconnects caa 38A froa shaft 
54A. Undriven caa S6A Mill sIon until stop face 138 on lever 112 engages 
the opposite stop on ring 118. The shock absorbing Material in stop ring 
118 Mill absorb the iapact. Caa 58A Mill continue to rotate Mith shaft 54A 
except, the relative positions have changed 180 degrees, phase shifting 
betMeen econoay and power aodes. The phase shift is coaplete. Returning 
the position of trip key 114 to Kl Mould cause it to stroke the leading 
edge of trip lever 112, rotating it to position Pi. Stop ring tie would 
re-engage trip lever 112 restoring the foraer aode. 

Description /Operation, Flaplatch, Fig. 6 8c 7 

Eabodiaent, flaplatch, fig. at A conventional rocker ara 14i is driven 
by a push rod 94 and drives valve 4Bj rocks about fulcrua 98| is aaintained 
in contact with valve 46 and pushrod 94 by the force transaitted thru 
fulcrua 98 froa fulcrua spring 92 which pushes against a supporting 
housingj and is provided with locational stability by a shaped surface on 
fulcrua 98 held in contact by that force. Fulcrua 98i is pinned to a 
supporting housing and aay rotate about the pin, but is otherwise confined) 
and has abutting face 96 and displacing surface 88, both for engageaent 
with flaplatch 16. A flaplatch 16i is pivotally and adjustably supported by 
a supporting housing and is restrained froa separating therefroai has a 
first position as shown engaging abutting face 96 and displacing surface 
88> and has a second position, deterained when displaced out of engageaent 
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by surface 68, that is in intiaate proxiaity with tht action and of 
electroaagnetic actuator 15j and can be held in the second position by the 
aagnetic attraction of electroaagnetic actuator 15. An electroaagnetic 
actuator 15i has a peraanent aagnet 15a and a coil 15b that when 
electrically energized counters and thus reduces the eagnet attraction 
holding flaplatch 16| and is eounted on a supporting housing. A flap spring 
86 counted on housing 528 biases flaplatch 16 towards engageeent with 
fulcrua 90 with insufficient force to overcoae the holding force of a non- 
energized electroaagnetic actuator 15, and sufficient force when it is 
energized. A valve caa 58 Bi drives pushrod 94 thru follower 248. The 
excursion of caa follower 248 in response to rotation of caa 588 is shown 
in Fig. 7 and has a base line 169, an econoay lobe 168 above and dip 167 
below base line 169. A second dip and lobe, corresponding to operation two 
strokes later, are shown and will be explained later. 

Operation, flaplatch, fig. 6i The rocker 14 acts in the aanner of a 
conventional rocker when flaplatch 16 is pressed by spring 86 into 
engageeent with fulcrua 90. The periodic forces pressing rocker 14 onto 
fulcrua 90 are reacted thru the pivot pin, fulcrua spring 92, and thru 
abutting surface 96 into the end face of flaplatch 16. And, thru flaplatch 
16 into the supporting housing. This is a valve enabling position for 
flaplatch 16 in which fulcrua 90 is fixedly supported and the noraai 
positive aotion of the pushrod 94 translates into valve operation. 

Disabling valve operation occurs as follown When valve caa 588 rotates 
to where caa follower 24B rolls into dip 167, the follower's descent 
produces a "negative" aotion for push rod 94. Both pushrod 94 and follower 
24B are being driven negatively by the reactive force froa fulcrua spring 
90. This negative action results in the fulcrua 90 pivoting in the 
direction away froa flaplatch 16, but not so far as to no longer overlap 
flaplatch 16. This action brings displacing surface 88 to bear on the 
corresponding surface of flaplatch 16, displacing flapUtch 16 into a 
position in close proxiaity of electroaagnetic actuator 15. This is the 
second position of flaplatch 16 and is potentially a holding position 
depending on the energized state of electroaagnetic actuator 15. If the 
valve is to be disabled, then the coil 15b will not be energized, and the 
flaplatch 16 will reaain held by the force of peraanent aagnetic 15a. in 
this holding position, abutting face 96 is aisaligned with the 
corresponding end face on flaplatch 16. This aisalignaent peraits abutting 
face 96 on fulcrua 90 to swing pait the end face on flaplatch 16 when 
positive action is produced by the lobe on valve caa 568. Fulcrua 90, 
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yieidi resiliently to thii positive action, disabling tht noraal valva 
operation to long as flaplatch 16 is held. 

Enabling valve operation froa the potential holding position requires 
energizing coil 13b into the enabling state and releasing the hold on 
flaplatch 16. Releasing the hold at least for the short period when fulcrua 
90 f returning to quiescent position froa the extreae negative action 
position where the caa follower is at the bottoa of dip 38a, allows 
flaplatch 16 as driven by flap spring 86 to slide down displacing face 88 
into alignment and engagement with abutting surface 96. This is the window 
for re-activating valve 48. 

It is one feature of this invention that flaplatch 16 is displaced or 
positively driven out of engageaent each cycle. Prior to each lobe that 
•ay be selected. Displaced by seans other than the holding or capturing 
device. Actuator 15. in this case. This aakes for high speed operation, 
since the holding device need only be on or off as the flap is •presented 1 * 
and does not have to aove anything, or overcoae it's inertia. As would be 
the case in a solenoid driven latch, for exaaple. 

Fig. 7 graphs the excursion path of caa follower 248 and pushrod 94 
with respect to the aain shaft or caa S86 rotation. Caa S8B has two lobes 
that produce the excursion path showm a power lobe 166 for noraally 
aspirated power eodei and a charge liaiting econoay lobe 168. 

The purpose of the second dip and lobe on valve caa 568 is apparent 
when considering that one lobe can be turned on and the other off, or visi 
versa to accoapliih a two stroke shift. At the very least, valve operation 
can be changed by shifting to another lobe and coabusting at the next 
clearance voluae. Even in constant clearance voluae crank engines. 

The ability to electrically switch on or off each valve opening, coupled 
with a selection of opening profiles, allows engine operation to be 
orchestrated by a coaputer chip. In the context of this caa engine, with 
two appropriately placed lobes, shifting froa one to the other effects a 
valve shift froa econoay aode to power aode. And, essentially only by 
aodifying the chip, the selection includes! the fuel saving rolling 
deactivation of cylinders called "skipf ire"! deceleration cutout of 
cylindersi engine braking by cutting our intake operation and activating 
both exhaust lobes. Or, a two stroke phase shift froa high to low speed caa 
profiles or to accoaodate Miller supercharging! etc.. 

Valve 4BB and push rod 94 action in this case is shown parallel to the 
•ain shaft 34B. However, follower action could also be radially disposed 
against a rocker with a right angle bend, and the resilient support at 45 
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degrees. Another fore of this invention, having an overhead cae driving 
the center of the rocker, would have displacing surface 68 and abutting 
face 96 an integral part of the end of the rocker that is opposite the 
valve. Flaplatch 16 then engages rocker 14 directly and becoaes the 
functional fulcrua, and aay even pivot slightly during valve action/ The 
equivalent of fulcrue 98 would engage the rocker near the latching end, 
retaining only the spring loading and locating functions. In this and 
other foras, fulcrua 98 need not pivot and could be disposed to slide 
linearly, etc.. In another fore the function of displacing the latch could 
be done by another linkage and/or cae. 

There are nuaerous other fores possible Within the scope of this 
invention. Electromagnetic actuator IS can be revised in order to hold 
when energized. A spring driven ratchet pawl, or hook, could capture and 
hold, or not capture and enable the flap. A eajor deterainant is the 
■peed, or the rate of cycling required, which is enhanced by displacing 
the flap each cycle. Slower acting fores, such as for cylinder cutout with 
a single dip and lobe, can oait the displacing action, displacing surface 
88, and dip 58a, and, siaply be arranged to pull the flap out for 
disabling, or push it back for enabling. The actuators could be biased or 
double acting, solenoid, hydraulic, or vacuua actuators, etc.. 

Supercharging 

A synergistic effect occurs when liaiting is used to control the output 
of a supercharged angina. Controlling the charge by liaiting directly 
controls the operating coepression ratio. In Fig. 2, at CI the pressure 
and ttsperature conditions when the valve closes on the intake stroke are 
noainally restored at the saee piston position on the coepression stroke, 
at C2. The voluae at C2 equals the voluee at CI and, is essentially 
unthrottled or at ataospheric pressure. As liaiting varies thii voluae the 
operating coepression ratio is proportionately varied. 

Any reduction in coepression ratio caused by supercharging is not 
necessary when liaiting is used, if two eore eleeents are added. First, 
the supercharging pressure oust be sensed, or coeputed based on known 
engine characteristics. Second, the eaxiaua liaiter position reduced, or 
liaited back, in accordance with the supercharger pressure. Otherwise, 
stepping on the accelerator would result in pre-ignition firing. The 
coabined coepression ratio would always equals the coabination of the full 
supercharging coepression ratio and an appropriately reduced operating 
coepression ratio. The supercharger coepression is always fully utilized 
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and the cylinder compression adjusted. The remit, at the engine 
accelerates into the supercharged speeds, ii that the blowdown work 
recovered by the supercharger is no* fed back into the engine. This work 
replaces compression work previously done by the piston, and thus adds 
directly to shaft output. This increases the output per unit displacement 
and decreases SFC by sore than prior art supercharging and limiting 
separately, the synergistic effect. According to Zinner in Supercharging o 
IC Engines the increase in output can be from 23 to 40 percent. The higher 
compression from supercharging can replace cylinder compression. 

It should be noted, that these feedback advantages apply to all 
displacement type, or expansible chamber, engines that can have their 
maximum charges throttled back or limited backt internal combuetion, 
external combustion, other fores of heating, compression ignition or spark 
ignition. The substantial work used for compression in a diesel engine 
could be partially replaced by work recovered from the exhaust. 

Demcripti on/Operation, Control System, Fig. 10 

A system to control the continously variable limiting arrangeeent in 
Fig. 4, is shown in Fig. 10. It is shown schematically and -illustrates the 
controls relevant to this invention. In prior art and for this invention, 
this system would probably contain an electronic control unit or ECU in a 
control system 164, coupled with an array of mechanical, electrical, 
pneumatic and hydraulic devices for sending, receiving and actuating. The 
ECU would receive input signals from respective sensors, representative of 
engine speed, shaft position, or RPM, loading deeand on the engine, for 
exaeple derived from a potentiometer coupled to an accelerator pedal 154, 
supercharger speed and pressure, oil and water temperatures, etc.. The ECU 
would contain stored data, representative of engine operating 
characteristics relative to various variable input parameters, and provide 
appropriate output signals, such as selecting the appropriate clearance 
voluee. And, changing the ignition or coebustion timing in accordance 
with the selected clearance voluet. These signals would control the shift 
actuator through a line 158, to put the engine in economy or power mode 
and deactivate tht valves during shifting by opening the cutoff valve 
through a line 162. Depending on mode, the accelerator stop 156 would bi 
positioned to avoid overcharging the cylinders. The speed control actuator 
would control engine speed through a line 160 by controlling the open 
duration of the intake valves. 
The systee to control the dual lobe arrangeeent in Fig. 6 would be the 
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me as for Fig. 4 except: the speed control actuator Would operate a 
throttle as in the prior art| the accelerator stop Mould be oaitted since 
the Halting function is built into the two different lobe shapes on the 
valve cat) and an appropriately tiaed signal Mould be stnt during each 
valve each cycle to select the active lobe. 

The systea to control the arrangement in Fig. 8 Mould be the saae as 
for Fig. 6 except accelerator stop 1S6 Mould be eliminated and the function 
of stop 156 accomplished by release valve 122, shoMn in dashed lines. 
Additional release valve positions, Mith different levels of limiting, 
could be optionally provided for supercharged coapression coapensation or 
work feedback, etc.. 

Buaaary 

Increasing the operative options in an engine is the ultimate advantage 
of this invention. Having aore aodes offers a selection of capabilities 
heretofore prohibited in a single engine. Either as Multiple aodes 
enhancing perforaance for a single fuel, or single dedicated aodes 
enhancing the perforaance for aultiple fuels. Phase shifting the operating 
stroke accesses these aodes of operation. Variations in a piston drive caa 
offers a selection of coapression and expansion ratios. Variable valve 
control offers a selection of both intake or exhaust dispiaceaents. Either 
continous or increecntal valve control enables selecting the degree of 
throttling losses. One option being essentially none. Halting back in a 
higher coapression ratio aodc enables Maintaining the knock-1 iai ted 
coapression ratio at a reduced intake displacement, yielding a higher 
indicated theraal efficiency at part power- Liaiting back in a supercharged 
engine enables the feedback of supercharger coapression into the engine. 
Many of these options are applicable to any single or dual fuel expansible 
chaaber engine, broadly defined as one that expands a chaaber Mith 
coapressed fluid to produce a useable output. 

The ability to phase shift during operation enables the achieveaent of 
several long sought goalsi The aaxiaua pre-ignition pressure ratio Rpi of 
18 is Maintained at aaxiaua economy power, instead of dropping to 13 and 
lowering efficiency as in a throttled engine. Avoiding throttle associated 
losses at approximately 59 percent power. Operating on a greater expansion 
ratio cycle at part load, aakes the efficiency at part load better than at 
full load, reversing the prior art relationship. Reducing displaceaent 
without shutting off cylinders maintains operating teaperature and thus 
perforaance. Reducing variations in aanifold vacuua that produces the rich 
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aixture during deceleration end idle) increasing pre-ignition pressure end 
teopercture et idle end lower pert loads *nd increasing burned gee ease 
fraction in econoey modej all point at reducing HC, CO and NOx emissions. 

Another advantage net apparent from a test perforeed by the writer. A 
vacuus guage Mas connected to the intake manifold of the 307 Oldsmoblle 
engine. The car. was driven through various city and suburban conditions 
using noraal speed, acceleration and deceleration. The vacuus varied froe 
10 to 20 inches of sercury. The engine operated at all tiaes at a power 
level that would fall within econoey mode. The proverbial car driven by an 
old lady schoolteacher would never be shifted into power eode. In a 
practical sense, the power eode could be treated as a passing gear, with 
the bulk or even all of the operation occuring in the sore fuel efficient 
and less eeissive econoey eode. 

Each of the three valve arrangeeents has it's own meritsi Fig. 4, with 
cbntinously variable lieiting and modulation of tiaing, offers 
sophisticated yet passive control where throttling and the associated 
losses can essentially be eliminated. Fig. 6 with speed control by 
throttling and incremental lieiting plus the phase shift, is also passive, 
and further offersi optional increeents of lieiting for idling, Miller 
supercharging, etc. | shorter engine length) an easier to manufacture radial 
cae profile} improved adjustability! "id adaptability to splayed valves 
radially oriented in a spherically radiused head, reducing the critical 
surface to volume ratio. Fig. 6 has two eodes of valve operation built into 
each two lobe cae profile. Shifting of the cae to shaft relationship is not 
required. Instead, the desired lobe is activated and the other deactivated, 
or visa versa. 

The high speed electrical valve control of the flaplatch system enables 
practical valve and cylinder orchestration during an engine cycle. This 
enables skipfire, deceleration cut-out, engine braking, etc.. 

Lieiting with supercharging enables recovering exhaust energy as cylinder 
coenpression. This cakes Miller supercharging of an automotive engine 
practical and can add 25 to 40 percent to output. 

Many codifications and variations of the disclosed features of this 
invention are possible. For exaeplei the variable release design of Fig. 4 
can be adapted to the non-coincident follower 24A and lifter S0A axes 
design of Fig. 8, making for a. shorter engine or for better adjustability, 
etc.) any of the three valve arrangements can be incorporated into spark 
or coepression ignition engines of conventional in-line, V, or other 
designs to provide variable valve control, including those with constant 
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clearance voluaesj the dual lobe shift could bt effected by valvably 
releasing a fluid plug. The double ended pistons of Fig. 1 could be single 
ended. An econoey eode only engine is possible. A euiti-lobe valve cae 
offers eultipie profiles, but needs a phase shift to access thee. A single- 
iobe-cae shaft shift in a caa engine could match compression ratios with 
fuels in a dual fuel engine. It is to be understood, therefore, that the 
invention can be practiced otherwise than as specifically described. 

The bottom line for any invention, what it can achieve, is best stated 
for this invention in an automotive context. Using the road test results 
of the referred U. 8. Pat. 4,288,491, where a 23 percent increase in MP6 
was eeasured, against a calculated increase in indicated thermal efficiency 
for the tested engine, and, calculating the increase in the sate efficiency 
using the saae eethod for the invention engine, excluding supercharging and 
regeneration, the projected increase in MPS is 

- — 56 percent, 
without reducing the maximum power of the engine. 

It will be apparent to anyone familiar with the prior art, that this is 
not just an improvement of existing art, but a fundaaental change in the 
way an engine is operated. It is a pioneering invention representing a 
breakthrough in engine technology, in one of the eost competitive and 
crowded fields. As such it deserves the broadest interpretation of the 
following claias as to the heart and the essence of this invention. 
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Claimsi I dam 

i. in an expansible chaaber engine having at least one cylinder, said 
cylinder having a piston, said piston defining in part a clearance volute 
at top dead center, said clearance .voluae being one of a continous series 
of clearance voluees, the position of said piston at top dead center being 
effected by a piston drive caa, an iaproveaent coeprisingt aeans for 
continously alternating said clearance vol use between a aaxiaua and a 
ainiaua clearance voluae, said einiauo clearance voluae being sufficient to 
contain a power producing charge. 

* 2. The engine of claia l f further including in an engine wherein said 
cylinder has a functional cycle following the piston top dead center 
position, an ieproveeent coeprisingt aeans for shifting said functional 
cycle to follow a subsequent clearance voluae. 

* * 3. The engine of claia 2, wherein said Beans for shifting in an engine 
having at least one valve controlling fluid flow to or froa said chaaber, 
drivetrain aeans for effecting operation of said valve in response to 
periodic forces froa a valve caa, and driving aeans driving said valve caa, 
coaprisesi aeans for changing the rotational relationship of said valve 
caa to said driving aeans to effect the shift for said valve. 

* * * 4. The engine of claia 3, further including in an engine having aeans 
for providing a fluid plug hydrauiically coupling said drivetrain aeans, 
aeans for supplying pressurized hydraulic fluid to said fluid plug, and 
aeans for draining hydraulic fluid, said valve being biased towards 
closure, an iaproveaent coeprisingt 

a plug port connected to said fluid plugs 

a release port connected to said aeans for draining hydraulic fluidi and 
aeans for closing said valve effected by the advent of an overlap 
connecting said plug port and said release port, said overlap releasing 
fluid froa the hydraulic coupling thru the connection and thus 
peraitting the valve to close, said advent effected by relative aotion 
between said plug port and said release port, said relative aotion 
effected by said valve caa. 

* * * * 5. The engine of claia 4, further including a valvable connection 
interposed between the drain and a port, said port selected froa the group 
consisting of said release port and a second release port, and aeans for 
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selectively aaintaining and releasing said hydraulic coupling upon said 
overlap in accordance with the state of said valvable connection. 

* * * * 6. The engine of claia 4, further including a caa follower 
following said valve caa, and aeans for returning said caa follower to 
quiescent position after the latest effective closing point of said valve. 

* » * * 7. The engine of claia 4, further including aeans for varying the 
position of said release port. 

* * 8. The engine of claia 2, further including in an engine having at 
least one valve controlling fluid flow to or f roa said chaaber, an 
iaproveaent coeprisingi 

a valve caa having a plurality of lobes, the Using of said lobes 
corresponding to the tiling of said series of clearance voluaes) and 

aeans for selectively enabling and disabling the valve operation effected 
by each of said lobes. 

* * * 9. The engine of claia 8, wherein said aeans for selectively 
disabling and enabling includes aeans for changing the fulcrua of a rocker 
ara in the drivetrain, coaprisingi 

support aeans adapted for ittachaent to said engine) 

locating aeans aounted on said support aeans, said locating aeans 
defining a pivot surface adapted to contact the rocker, the aounting of 
said locating aeans adapted to define the aotion of said pivot surface, 
said locating aeans further being biased to contact the rocker with 
sufficient force to overcoae clashing in the valve drivetrainj 

abutting aeans adapted to transait lateral support to said rocker, said 
lateral support effecting a fulcrua to enable noraai opening of said 
valve, said abutting aeans defining a first abuttin, surface; 

latch eeans defining a second abutting surface for contacting said first 
abutting surface and adapted to react the drive train forces which 
effect noraai opening of said valve, said latch aeans being aounted on 
said support aeans and adapted to enable said second abutting surface 
to aove into and out of alignaent with said first abutting surface, the 
aoveaeht of said second abutting surface being essentially towards and 
away froa both said first abutting surface and the axis of the reactive 
force thru said pivot surface on said rocker; 
actuation aeans selectively operative to switch between a disabling state 



WO 92/13178 PCT/US92/00308 

23 

«nd an enabling state, said disabling atatt providing for holding aaid 
latch aeana in a disabling position aisalignlng said abutting surfaces 
and effecting disableaent of said valve by allowing said abutting 
surfaces to aove past each other in response to said drivetrain forces, 
said enabling state providing for driving said latch eeane to an 
enabling position aligning said abuting surfaces and effecting noreal 
valve opening and closing in response to said drivetrain forces, said 
actuation aeans further including unlatching aeans providing for ooving 
said latch aeana froa aaid enabling position to said disabling position 
whereupon being selectively held or driven to said enabling position, 
said eoving effected each engine cycle prior to the advent of each of 
said lobes. 

• * * « 18. The device of claie 9, further including in said unlatching 
aeans a dip in said valve caa, said dip being below the bate line of the 
caa profile prior to each lobe for providing negative rocker aotion to 
effect said abvlng. 

* * * • * 11. The device of claie 9, wherein the aeans for holding said 
latch aeans in a disabling position coaprises an electroaagnetic actuator. 

12. An iaproved valve caa for an expansible ehaaber engine having a valve 
controlling fluid flow to or froa said ehaaber, a caa follower following a 
valve caa, drivetrain aeans effecting opening of said valve in response to 
said valve caa, said drivetrain aeans including aeana for closing said 
valve before the return of said caa follower to quiescent position, 
coaprisingi eeans for returning said caa follower to quiescent position 
after the latest effective closing point of said valve. 

13. A aethod in an expansible ehaaber engine having at least one cylinder, 
said cylinder having a piston, said piston defining in part a clearance 
voluae at top dead center, said clearance voluee being one of a continous 
series of clearance voluaes, said cylinder having a functional cycle 
following the piston top dead center position, comprising the step ofi 
shifting said functional cycle to follow a subsequent clearance voluae. 

* 14. The aethod of claie 13, wherein said shifting step includes shifting 
to a clearance voluee having a different voluee. 
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* * 15. The aethod of claia 14, wherein said shifting step in an engine 
having at least one valve controlling fluid flow to or froa said chaaber, 
valve caa having a plurality of lobes, the tiling of said lobes 
corresponding to the tiling of said series of said clearance voluaes, and 
aeans for selectively enabling and disabling valve the operation effected 
by each of said lobes, includes the steps oft 

disabling valve operation for the lobe corresponding to said top dead 
center position! and 

enabling valve operation for the lobe corresponding to said subsequent 
clearance voluae. 

* * 16. The aethod of claia 14, wherein said shifting step in an engine 
having at least one valve controlling fluid flow to or froa said chaaber, 
drivetrain aeans for effecting operation of said valve in response to 
periodic forces froa a valve caa, and driving aeans driving said valve caa, 
includes the step oft changing the rotational relationship of said valve 
caa to said driving aeans to effect the shift for said valve. 

* * * 17. The aethod of claia 16, further including in an engine having 
aeans for providing a fluid plug hydraulically coupling said drivetrain 
aeans, aeans for biasing said valve towards closure, aeans for supplying 
pressurized hydraulic fluid to said fluid plug, aeans for draining 
hydraulic fluid, a plug port connected to said fluid plugj a release port 
connected to said aeans for draining hydraulic fluid, and aeans for 
aaintaining said hydraulic coupling when aaid plug and release ports are 
disconnected, the step of i closing said valve by the advent of an overlap 
connecting said plug port and said release port, said advent effected by 
relative aotion between said plug port and said release port, said relative 
aotion effected by said valve caa. 

* * * * 18. The aethod of claia 17, further including the step of 
selectively aaintaining and releasing said hydraulic coupling upon said 
overlap in accordance with the state of a valvable connection, said 
valvable connection interposed between the drain and a port, said port 
selected froa the group consisting of said release port and a second 
release port, • 

* * * * 19. The aethod of claia 17, further including the step of varying 
the position of said release port. 
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* 2B. The aethod of claia 13, wherein said shifting step in an engine 
having at least one valve controlling fluid floN to or froe said ehaaber, a 
valve can haying a plurality of lobes, the tiling of said lobes 
corresponding to the Using of said series of clearance vol uses, and aeans 
for selectively enabling and disabling the valve operation effected by each 
of said lobes, includes the steps of i 
disabling valve operation for the lobe corresponding to said top dead 
center posit ioni and 

enabling valve operation for the lobe corresponding to said subsequent 
clearance voluee. 

•21. The aethod of claia 28, (therein said enabling and disabling steps in 
said aeans for selectively enabling and disabling further includes the 
steps of i 

aoving a latching aeans froe an enabling position to a disabling 
position, said latching aeans in the enabling position effecting 
support against a fulcrua surface of a rocker are, said support 
enabling operation of said valve in response to the valve caa lobes, 
•aid latching aeans in the disabling position having effected the 
reaoval of said support, said reaoval peraitting yielding at said 
fulcrua surface, said yielding sufficient to disable operation of said 
valve in response to said valve caa lobes, the aoveaent of the engaging 
end of said latching aeans being essentially away froa both the 
engageaent and the axis of the reactive force thru said fulcrua 
surface, said aoveaent occuring prior to the advent of each of said 
lobes to enable selection) 
holding said latch aeans in said disabling position until enableaent is 
selectedj and 

returning said latch aeans to said enabling position upon selection of 
enableaent. 



* ♦ 22. The aethod of claia 21, wherein said aoving step includes the step 
of a caa follower descending into a dip in said valve caa, said dip being 
below the base line of the caa profile prior to each of said lobes, the 
descent providing a negative rocker aotion effecting the eoveaent of said 
latch aeans thru said aoving step. 

* « * 23. The device of claie 21, wherein said holding step includes the 
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step of holding said latch Beans in a disabling position with an . 
electroeagnetic actuator. 

24. A device for changing the fiilcrua of an engine valve rocker are to 
selectively disable and enable the valve, said device coaprisingi 
support eeans adapted for attacheent to said enginei 
locating eeans eounted on said support eeans, said locating eeans 
defining a pivot surface adapted to contact the rocker, the eounting of 
said locating eeans adapted to define the eotion of said pivot surface, 
said locating eeans further being biased to contact the rocker with 
sufficient force to overcoee clashing in the valve drivetraini 
abutting Beans .adapted to transeit lateral support to said rocker, said 
lateral support effecting a fulcrua to enable noreal opening of said 
valve, said abutting eeans defining a first abutting surfacei 
latch eeans defining a second abutting surface for contacting said first 
abutting surface and adapted to react the drive train forces which 
effect noreal opening of said valve, said latch eeans being eounted on 
said support eeans and adapted to enable said second abutting surface 
to eove into and out of alignment with said first abutting surface, the 
eoveeent of said second abutting surface being essentially towards and 
away froe both said first abutting surface and the axis of the reactive 
force thru said pivot surface on said rockery, 
actuation eeans selectively operative to switch between a disabling state 
and an enabling state, said disabling state providing for holding said 
latch eeans in a disabling position aisaligning said abutting surfaces 
and effecting disableeent of said valve by allowing said abutting 
surfaces to eove past each other in response to said drivetrain forces, 
said enabling state providing for driving said latch eeans to an 
enabling position aligning said abuting surfaces and effecting noreal 
valve opening and closing in response to said drivetrain forces, said 
actuation eeans further including unlatching eeans providing for eoving 
said latch eeans froe said enabling position to said disabling 
position. 

* 25. the device of claie 24, wherein said unlatching eeans effects said 
eoving each engine cycle prior to the advent of at least one lobe on a 
valve cae, said valve cae being the driver of said valve drivetrain. 

* * 24. The device of claie 25, further including in said unlatching eeans 
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a dip in Mid vilve cii, said dip being belo* the base lint of the. eta 
profile prior to eeid lobe for providing negative rocker ootion to effect 
said aoving. 

» • • 27. The device of claia 25, wherein the aeane for holding said latch 
aeans in a disabling position coaprlses an electroaagnetic actuator. 

2B. In a valve control systea for an expansible cheaber engine having at 
least one valve controlling fluid flow to or froa said cheaber, said valve 
being biased towards closure, a valve caa, drivetrain aeans for effecting 
operation of taid valve in response to periodic forces froa laid valve caa, 
aeane for providing a fluid plug hydraulically coupling said drivetrain 
aeans, and aeane for supplying pressurized hydraulic fluid to said fluid 
Plug, and aeans for draining hydraulic fluid, an i.prove.ent coeprisingi 
a plug port connected to said fluid plugj 

a release port connected to said aeans for draining hydraulic fluid) and 
aeans for closing said valve effected by the advent of an overlap 
connecting said plug port and said release port, said overlap releasing 
fluid froe the hydraulic coupling thru the connection and thus 
parenting the valve to close, said advent effected by relative aotion 
betietn said plug port and said release port, said relative aotion 
effected by said valve cae. 

* 29. The systea of claie 28, further including a valvable connection 
interposed between the drain and a port, said port selected froa the group 
consisting of said release port and a second release port, and aeans for 
selectively eaintaining and releasing said hydraulic coupling upon said 
overlap in accordance with the state of said valvable connection. 

* 36. The systee of claia 28, further including a caa follower following 
said valve caa, aeans for returning said cae follower to quiescent position 
after the latest effective closing point of said valve. 

* 31. The systea of claia 28, further including aeans for varying the 
position of said release port. 
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